The dsRNA concentrated polyacrylamide gel electrophoresis (CPAGE) detected rotavirus directly from 19% of 77 stool specimens from diarrheic calves. A commercial enzyme-linked immunosorbent assay (ELISA) detected 25%, latex agglutination test, 23%, and polyacrylamide gel electrophoresis (PAGE), 19%. Establishing CPAGE as the "standard," the commercial ELISA and the latex agglutination test both had higher sensitivity (84%) than PAGE (79%). However, PAGE produced the highest specificity (100%), followed by agglutination (88%) and ELISA (84%). The commercial ELISA had a slightly higher sensitivity than agglutination, PAGE, and CPAGE, but the ELISA specificity was generally lower. The latex agglutination test had a lower sensitivity than ELISA, but specificity was higher. Agglutination had similar negative predictive values (94%), compared with agglutination and PAGE, but had the lowest positive predictive value (a measure of accuracy) (70%). Agreement with CPAGE was highest for PAGE (94.8%), followed by agglutination (87%) and ELISA (84.4%). The calculated percentages of total disagreement with all other tests indicated that ELISA differed from the other rotavirus detection assays in 10.4% of the cases, agglutination in 7.8%, PAGE in 2.6%, and CPAGE in 1.3%. The 2 PAGE assays allowed the detection of atypical rotaviruses from feces based on the characteristic "super-short" migration pattern of the 11 genomic segments of rotaviruses and of other members of the Reoviridae.
Rotaviruses are frequent causes of gastroenteritis in mammalian neonates and avian species worldwide. 3, 7, 10, 31 In domestic animals, rotaviruses play a major role in diarrhea; the clinical disease is more severe in young animals 21 as indicated by increased morbidity and mortality. The virus incubation period is relatively short. The predominant clinical signs are diarrhea, depression, anorexia, and dehydration; vomiting in both humans and pigs has been described. 21 The clinical disease may last from 1 to 8 days. Death of the host can be caused solely by the virus or by ensuing secondary bacterial infections. 9 Various methods have been developed for the rapid detection in stool specimens of rotaviruses or their antigens. The standard technique employed for virus detection has been electron microscopy (EM), which remains as the reference method. Although, the concentration of virus particles is relatively high in the feces of an infected animal, EM as a detection method is a relatively insensitive assay. 8, 14 Consequently, an EM technique (immune electron microscopy [IEM]) has been developed 28 that has improved sensitivity and specificity over the conventional EM. 22 Because IEM is expensive and laborious and requires specific viral antisera, the technique is mostly used as a reference. The direct fluorescent antibody test (FAT) is widely used in the detection of rotaviral antigen in villous epithelial cells of the small intestine. However, the FAT is only useful if it is performed during the first few hours of the onset of calf diarrhea, 25 after which the epithelial cells containing the virus are destroyed and sloughed, and most of the virus is released in the feces. Thus, the sensitivity of FAT is lower compared with EM and ELISA. 2 An improved immunofluorescence test, which consists of growing the rotavirus on cell monolayers before staining, has been developed, 12,22 but it is less sensitive than other assays. 22 Agglutination tests designed for detection of rotavirus in humans are commercially available, but they, too, are less sensitive than EM or commercial ELISA. 22 An in situ ELISA for rotavirus detection in tissue culture has been described 11,12 and compared to other rotaviral assays. Polyacrylamide gel electrophoresis (PAGE) has been used for the diagnosis of rotavirus, mainly from human fecal specimens, and has proven to be very sensitive 13, 24, 26 and specific because the migration pattern of genome segments on the gel is characteristic of the 11 segments of rotavirus.
The purpose of this study was to use a modified RNA-concentrated polyacrylamide gel electrophoresis Extraction of viral dsRNA. Viral RNA was extracted by (CPAGE). The CPAGE differs from PAGE in the prepamodification of a previously reported method. 13 One millili-ration of rotavirus dsRNA as follows. After extraction with ter of 0.1 M sodium acetate buffer (pH 5.0) containing 1% (w/v) sodium dodecyl sulfate (SDS) was added to either 1 g or 1 ml of feces. This fecal suspension was mixed with an phenol and then the phenol/chloroform mixture, dsRNA was precipitated from the aqueous layer by adding ½ volume of ammonium acetate (7.5 M) and 3 volumes of ethanol. The equal volume of saturated phenol/cresol mixture (500 g of resulting solution was mixed by inverting the tube several phenol, 70 g of m-cresol and 200 ml of double-distilled water, times and incubated for 30 min at -70 C. After incubation, and 0.5 g of 8-hydroxyquinoline) and heated to 60 C in a the tubes were spun at 14,000 x g for 30 min in a microwater bath. The resulting suspension was emulsified using a centrifuge. The resulting pellet was then dried and resusvortex mixer and centrifuged for 10 min at 1,200 x g. The pended in 35 µl of distilled water and 9 µl of SAB and loaded upper aqueous layer was transferred to a clean microcentri-onto gels as previously described. fuge tube, and an equal volume of phenol/chloroform (50/ 50) was added and emulsified by mixing. The emulsion was then centrifuged in an microcentrifuge c for 10 min at 14,000 x g, and the upper aqueous layer was removed. Nine microliters of 6-fold dilution sample application buffer (SAB) Commercial enzyme immunosorbent assay (ELISA) and agglutination test. The quantitative ELISA test and agglutination test for rotavirus group A were both performed according to the manufacturers' recommendations. Technical details and reagents for both tests are outlined in Table 1 .
(40% sucrose and 0.25% bromophenol blue) were added to Guidelines for scoring the presence of rotaviruses were es-35 µl of the aqueous layer, and the mixture was loaded in 1 tablished by the manufacturers. a,b The ELISA required a well of a polyacrylamide gel. As a positive control, dsRNA washer, and the results were quantified using a reader. The was extracted from the Lincoln strain of Nebraska calf diar-parameters for conducting the ELISA, CPAGE, PAGE, and rhea virus (NCDV) and purified with minor modifications latex agglutination test are given in Table 1 . from cell culture-grown bovine rotavirus as previously described. 5, 6, 27 Polyacrylamide gel electrophoresis (PAGE). Specimens Virus isolation. Monolayers of MA 104 (a Rhesus monkey prepared as described above were loaded onto discontinuous kidney cell) were prepared in 4-chambered slides. d After 1 wash with warmed minimal essential medium (MEM) containing 100 µg/ml of gentamicin, the cells were inoculated polyacrylamide gels (5% stacking gel/10% resolving gel) con-with the fecal specimens that had been previously diluted taining SDS in Tris-glycine-SDS buffer l7 and electrophoresed (10-20% v/v) in sterile viral transport medium centrifuged for 30 min at 16 mA/gel and then for 3 hr at 24 mA/gel. The at 150 x g for 10 min and filtered through a 0.22-µm filter. gels were stained by a modification of the silver nitrate meth-Triplicate chambers were inoculated per specimen, and an od. 26 Briefly, the gels were soaked in a solution of 10% ethanol uninfected control cell monolayer was included. After 1 hr and 1% acetic acid on a platform shaker for 15 min. The absorption, 600-700 µl of maintenance medium (MEM + washing solution was then discarded and replaced by 1.9 g/ 10 µg trypsin, e 2% fetal bovine serum, L-glutamine [4 mM], liter of silver nitrate solution. The gel was soaked in the 2 x gentamicin 100 µg/ml, kanamycin [100 µg/ml], and 10 staining solution for 30 min then rinsed rapidly 3 times with mM HEPES) were added to each chamber. Slides were obdouble-distilled water to remove the excess silver and placed served daily for cytopathic effect (CPE) for a 7-day period. in a reducing solution containing 0.1 M of NaBH 4 , 10 ml/ Specimens showing CPE were passaged 3 times, and rotaliter of HCHO (37%), and 10 mM NaOH until dsRNA bands virus dsRNA was extracted as described above. appeared. The intensity of the bands was enhanced by placing Statistical tests. Two statistical methods were used in the the gel in a solution of 5% acetic acid.
analysis of the diagnostic test results. In the absence of EM data, the results of the PAGE, ELISA, and agglutination test were analyzed using CPAGE as the reference, and then all tests were compared with each other. In the first statistical comparison, sensitivity, specificity, positive predictive value, negative predictive value, and kappa statistics (a measure of agreement) were calculated relative to CPAGE results. If a reference assay was not used in an analysis, kappa statistics were used. The guidelines 18 summarized in Table 2 were followed for the interpretation of kappa values.
Results
The genome segments extracted directly from 2 rotavirus-positive fecal specimens (lanes A and B) from cattle and those of bovine rotavirus Lincoln strain NCDV (lane P) run by PAGE are depicted in Fig. 1 . The remaining lanes of extracted specimens were negative for rotavirus dsRNA. The migration patterns of dsRNA genome segments were similar for NCDV and bovine samples A and B. The genome segments of 2 bovine rotaviral cell culture fecal isolates (lanes E and Fig. 2 . The remaining lanes were negative for bovine rotaviral dsRNA. The migration pattern of dsRNA genome segments was the same for NCDV and lane G. Lane E contained a "super-short" viral RNA electrophoretic migration pattern; gene segments 10 and 11 had slower electrophoretic mobilities compared with other lanes of dsRNA. The coelectropheresis of 3 cell culture-adapted field isolates of bovine rotavirus (lanes A, B, and C) and of a prototype NCDV Lincoln strain (lane P) are shown in Fig. 3 . Specimen B and NCDV Lincoln strain have the same dsRNA migration pattern, which differs from specimens A and C that have a "super-short" dsRNA migration pattern, especially segments 4, 10, and 11.
The analysis of data in which CPAGE was the reference for detection of rotaviruses is summarized in Table 3 . All 3 tests, ELISA, agglutination, and PAGE, were in "almost perfect" agreement with CPAGE. By statistical analysis, ELISA and agglutination had higher sensitivity (84%) for rotaviruses than PAGE (79%). However, PAGE produced the highest specificity (100%) compared with agglutination (88%) and ELISA (84%). Agglutination had a negative predictive value (94%) similar to ELISA and PAGE but had the lowest positive predictive value (70%) for the detection of rotaviruses. The percent agreement between each rotaviral detection test and CPAGE is also shown in Table 3 . Percent agreement with CPAGE is highest for PAGE (94.8%), followed by agglutination (87%) and ELISA (84.4%). The percentages of positive specimens detected (Fig.  4 ) differed among tests. The ELISA detected 25% positives, agglutination, 23%, CPAGE, 19%, and PAGE, 15%. The calculated percentages of total disagreement between tests (Fig. 5 ) indicated that ELISA differed from the other tests in 10.4% of the cases, agglutination in 7.8%, PAGE in 2.6%, and CPAGE in 1.3%.
The kappa statistics for each assay compared to CPAGE are given in Table 3 , and for each pair of assays in Table 4 . The statistics show "almost perfect" agreement among the 4 tests employed in rotavirus detection. The percent agreement of each test with CPAGE is shown in Fig. 6 . Polyacrylamide gel electrophoresis has the highest percent agreement with CPAGE, followed by agglutination and ELISA.
The times for each assay per specimen were PAGE and CPAGE, 5 hours, ELISA, 3 hours, and the agglutination test, 20 minutes. However, only PAGE and CPAGE differentiated atypical rotaviral dsRNA migration patterns or other dsRNA from patterns of similar viruses in the family Reoviridae.
Discussion
Comparison among ELISA, agglutination test, PAGE, and CPAGE shows "almost perfect" agreement, as calculated by kappa statistics, for the detection of bovine rotavirus. However, CPAGE had the lowest disagreement with other detection methods, indicating (statistically) that it is highly specific. The specificity for rotavirus of CPAGE is due to the pattern of migration on the polyacrylamide gel of the 11 genomic segments that is characteristic of rotaviral dsRNA. Hence, the number of false-positive rotaviral specimens would be minimal by CPAGE. The CPAGE is more sensitive than PAGE because precipitation of dsRNA by an ethanol following a phenol/chloroform extraction step further concentrates viral dsRNA into a smaller volume, thus allowing the concentrated loading of the total nucleic acid extract into a well of the polyacrylamide gel. This concentration step did not produce a background that was more intense after silver staining, because the specimens were extracted twice (once time with phenol/m-cresol and once with phenol/m-cresol/chloroform), thus eliminating most stainreactive proteins from the aqueous supernatant. Only 
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Percentage of specimens with test results that differed from each other. the CPAGE and PAGE methods detected different serogroups of rotaviruses (A-G) and other viruses of the family Reoviridae that might be found in the diarrheic specimens. Silver nitrate-stained PAGE is very sensitive and highly specific in the detection of rotaviruses compared to EM and other detection methods 13, 26 In this "super-short" study 3 of the fecal extracts had a RNA electropherotic pattern with a slower migration of genomic segments. Two of these viral electropherotypes had a migration pattern that was conserved following 3 passages of these viruses in cell culture. Similar rotaviruses electropherotypes have been isolated previously from human and animal fecal specimens. 1, 20, 30 Isolates of rotavirus from humans using this method were designated as new serotypes. Isolates by PAGE of a rotavirus from a rabbit were classified as serotype 3, and those from a calf were classified as the VMRI strain, which has a shorter migration pattern for segments 10 and 11 when compared with rotavirus strains NCDV, B641, and B223. 23 The "supershort" rotaviral electropherotypes identified in this study were positive by each method, suggesting that these viral electropherotypes could be group A rotaviruses. Such isolates will be further characterized by serum neutralization and by hybridization procedures using segment 6 and segment 9, which were cloned from bovine rotavirus NCDV Lincoln strain.
Discrepancies between CPAGE and other detection methods were apparent for 1.3% of the fecal specimens In theory, the ELISA should be more sensitive than the other assays because it detects fragments of viral protein 6 and intact viral antigens, whereas EM depends on the presence of intact viral particles in the feces, and the FAT technique requires intact epithelial cells 2 of intestinal tissues. The commercial ELISA kits for detection of rotavirus in humans missed 22% of the samples containing rotavirus that were identifiable by EM. 19 Furthermore, the specificities of these ELI-SA's were low because of nonspecific binding of antibodies to host proteins in fecal specimens. 4, 15 Thus, ELISA's are not as sensitive and specific in the detection of rotaviral antigens in stool specimens when compared with EM. 16, 22 Three specimens were positive for dsRNA by CPAGE and negative by ELISA, although the percentage of positive specimens by ELISA was higher. An explanation for this finding is that ELISA is less specific than CPAGE. This interpretation of these results is in agreement with that of a previous study 29 The lack of specificity of commercial ELISA's may be because of nonspecific binding of reacting antibody to bacterial and staphylococcus protein A. 4, 15 The discrepancy in 9 specimens in this study that were positive for rotavirus by commercial ELISA but negative by CPAGE may be due to interference by nonspecific factors (i.e., cross-reacting antigens) in fecal specimens with rotaviral antibody. Similar discrepancies were found between CPAGE and the agglutination test (7 specimens were positive by the agglutination test but negative by CPAGE and 3 specimens were positive by CPAGE but negative by the agglutination test). Similar factors affecting the commercial ELISA could account for the discrepancies seen between assays.
Based on the statistical analysis, we conclude that the commercial ELISA has a slightly higher sensitivity its specificity was higher. Therefore, we recommend the use of CPAGE (instead of PAGE) for the detection of rotavirus because of its higher percent detection of rotavirus from feces, even though both CPAGE and PAGE had the same specificity. Based on kappa statistics, PAGE and CPAGE would provide powerful methods for the epidemiological study of different viral electropherotypes. Therefore, selection of an assay as a diagnostic method for detection of bovine rotavirus will depend on the availability of equipment required for the assay (e.g., ELISA and PAGE) and time constraints. 
